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In this work, we report the synthesis and morphological characterization of ZnO nanowires grown on PET using a two-
step process: (a) preparation of the seed layer, and (b) growth of the nanostructures. First step: solutions of zinc acetate 
dehydrate and 1-propanol of 10 mM concentration were spin coated on PET at 2000 rpm for 54 s using a syringe pump. 
Three of such cycles were carried out, between each cycle the layer was heating at 100°C in a furnace for 60 s. A seed 
layer was obtained after three layers of spin coating. Second step: vertical ZnO nanowires were grown by dipping the 
substrate in a 25 mM equimolar solution of zinc nitrate hexahydrate and hexamethylenetetramine. Afterwards, films were 
thermally treated with a commercial microwave oven at different power settings (350 and 700 W) for 5, 20 and 35 min. 
The ZnO nanowires obtained were characterized structural, optical and morphologically. Scanning electron microscopy 
analysis showed that the size of ZnO nanowires decreased in diameter when the heating time increased. XRD patterns 
show the presence of Zn(OH)2 overlapped with the ZnO phase. The ZnO nanowires bandgap energy was obtained from 
optical transmission spectra. 
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1. Introduction 
 

ZnO is an interesting material due to their excellent 
optical, chemical, electrical and piezoelectric properties [1-
4]. ZnO is a II-VI semiconductor material and has been 
investigated since it has very stable thermal characteristics, 
with a direct wide band gap of 3.37 eV and, a large exciton 
binding energy of 60 meV. One remarkable 1D structure of 
ZnO is the nanowire. Comparing ZnO nanowires with 
carbon nanotubes, the ZnO nanowires have a good 
mechanical strength, thermal and chemical stability, thus is 
a potential substitute of carbon nanotubes. ZnO nanowires 
are widely applied in the field of optoelectronic and 
nanomechanics, such as in ultraviolet laser of light-
emitting diode (LED), varistors, surface acustic wave 
(SAW) components, transparent electrodes for solar cell 
window, gas sensors and photocatalysts [5-6]. 

Physical, chemical and electrochemical methods have 
been carried out for achieving ZnO nanowires, some of 
these are  
metal-organic vapor-phase epitaxy, chemical vapor 
deposition and hydrothermal deposition [7-8]. 
Hydrothermal method has attracted much attention in the 

field of ZnO nanostructures growth because of the 
simplicity of the required equipment in the growth process 
and the possibility of low temperature implementation [9]. 
In that work, ZnO well aligned single crystalline hexagonal 
nanorods of 100-200  nm wide at 95 °C were obtained. A 
disadvantage of this method is the time required for the 
synthesis of nanowires spanning from several hours to days 
[10]. Several methods have been suggested in order to 
increase the growth rate of hydrothermally grown of ZnO 
nanowires. A microwave assisted hydrothermal method 
with the aim of rapid heating of the solution and so  

Table 1. Growth parameters for samples PZ01 to PZ06 grown on 
PET. 

   
Sample Power [W] Heating time [min] 

PZ01 700 5 
PZ02 700 20 
PZ03 700 35 
PZ04 350 5 

PZ05 350 20 

PZ06 350 35 
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Figure 1. XRD profiles for 2θ in the range from 30º to 80º for all 
samples of ZnO nanowires on PET substrate grown at several 
conditions. 
 

 
 

Figure 2. Images of the grown of ZnO nanowires by Scanning electron 
microscopy on PET substrate at 700 W and with a heating time of (a) 5 
min, (b) 20 min and (c) 35 min. 

reducing the time needed for reaching the crystallization 
temperature in the growth environment has been carried 
out successfully [11]. 

In this work, ZnO nanowires are grown on PET substrate 
by hydrothermal method. To obtain ZnO nanowires 
efficiently a commercially microwave oven for rapid 
heating of the material was used. With this procedure the 
processing time for growing ZnO nanowires can be 
reduced up to 1 min [12]. 

The ZnO nanowires were characterized structurally and 
optically by scanning electron microscopy (SEM), X-ray 
diffraction and transmission measurements at room 
temperature. 
 
2. Experimental 
 
2.1. Materials 
  

ZnO nanowires were grown hydrothermally on PET 
substrates based on the method developed by Husnu et al. 
[11]. First, solutions of zinc acetate dehydrate and 1-
propanol of 10 mM concentration were spin coated on PET 
at 2000 rpm for 54 s at room temperature using a syringe 
pump, then the substrate was annealed at 100 ° C for 60 s. 
A ZnO seed layer was obtained after three of such cycles. 
Afterwards, the nanowires were grown vertically by 
dipping the substrate in a 25 mM equimolar solution of 
zinc nitrate hexahydrate (Zn(NO3)2•6H2O) and 
hexamethylenetetramine (HMTA) solution in deionized 
water. Subsequently, films were thermally treated with a 
commercial microwave oven at different power settings 
(350 and 700 W) for 5, 20 and 35 min. Finally, the 
substrates were taken out from the growth solution, rinsed 
with deionized water and dried under nitrogen flow. 
 
2.2. Detection Method: 
 

The ZnO nanowires obtained were characterized by three 
techniques: scanning electron microscopy, X-ray 
diffraction and optical transmission. SEM system was 
operated at 5 kV in order to obtain the ZnO nanowire 
images with a secondary electron detector in a Zeiss MOD 
Auriga 39-16 microscopy. The X-ray diffraction patterns 
were measured in Grazing-incidence small-angle X-ray-
scattering (GISAXS) with Xpert PRO Diffractometer from 
panalytical using Cu radiation (Kα=1.54 Å). Optical 
transmission measurements were obtained with a 
Spectrometer UV/VIS Lambda 35 PERKIN ELMER in the 
region of 300 nm to 1100 nm. Table 1 shows the growth 
parameters for the ZnO nanowires samples. 
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Figure 3. Scanning electron microscopy images of the ZnO nanowires 
grown on PET substrate at 350 W and with a heating time of (a) 5 min, 
(b) 20 min and (c) 35 min. 
 

 
 

Figure 4. Optical transmission spectra of ZnO nanowires on PET 
substrate. 
 
 
 
 

Table 2. Band gap energy of the ZnO nanowires grown on PET. 
 

  
Sample Energy [eV] 

PZ01 3.28 

PZ02 3.28 

PZ03 3.28 

PZ04 3.29 

PZ05 - 

PZ06 3.28 

  
 

 
3. Results and Discussion  
 

Figure 1 shows the X-ray diffraction patterns of the 
samples PZ01 to PZ06. In these, ZnO nanowires were 
grown on substrates of polyethylene terephthalate (PET) at 
different conditions of thermal treatment in a microwave 
furnace. Crystalline phases are identified as zinc oxide 
(ZnO) and PET. The thermal treatment was performed at 
350 W and 700 W varying the time from 5 min to 35 min. 
When the furnace power was 350 W and the treatment time 
was 20 min and 35 min, the intensity of the reflections of 
ZnO in the address (100) has the highest intensity. For 
applying a heating time of 5 min, the intensity of the 
reflections of ZnO, in the addresses (100), (002) and (101), 
were the highest. When the furnace power was increased to 
700 W and the heating time was 20 min, the highest 
intensity was obtained for the reflection (002). 
Furthermore, applying 35 min of heating time, leads to 
obtain the highest intensity in the reflection (100). On the 
other hand, the thickest film was obtained when the furnace 
power was 700 W and 20 min of heating time. The signal 
of the PET substrate can be observed even to high power 
and large heating time in the furnace. However, the 
thickness of the film is not thick enough to block the 
substrate signal. In the thermal treatment conditions 
studied, the growth of ZnO nanowires is performed 
preferentially in the directions (100) and (002). 

Figure 2 shows the SEM images of the ZnO nanowire 
arrays grown at 700 W for 5, 20 and 35 min on PET 
substrate with scale bar of 200 nm. The growth of the 
nanowires aligned vertically on the substrates is clearly 
observed, besides the hexagonal cross section of the wires. 
We observed similar results as in our previous work [12] 
on the influence of the heating time on the diameter size. 
Increasing heating time, ZnO nanowires grow with smaller 
diameter. The diameters vary approximately from 150, 100 
and 50 nm for a heating time of 5, 20 and 35 min, 
respectively. 

Figure 3 shows the SEM images of the ZnO nanowire 
arrays grown at 350 W for 5, 20 and 35 min on PET 
substrate with scale bar of 1 µm. Although we observed a 
vertically aligned growth of the nanowires for a heating 
time of 5 min, for a heating time of 20 min the nanowires 
grew parallel to the substrate. Besides, the growth at 20 
min shows also ZnO structures like bars with diameters 
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larger than the nanowires. For a heating time of 35 min 
(sample PZ06), the nanowires show an almost vertical 
alignment but with a decrease in their density. 

Figure 4 shows the optical transmission spectra in the 
range of 300 nm and 1100 nm for all samples at room 
temperature. Sample PZ04, which was the thinnest film 
according to X-ray diffraction patterns shows the highest 
transmission, contrary to sample PZ02 which was the 
thickest film showing the lower transmission. 

From the transmission spectra the energy gap was 
obtained from each sample. It was no possible to determine 
the bandgap energy of the sample PZ05 through this 
method. Table 2 shows these results. 

In general, it can be observed that there is not so much 
variation in the value of the bandgap energy, which 
remains constant independently of the conditions of the 
growth parameters. Sample PZ04 showed the best value of 
the bandgap energy which is the closest to bulk ZnO of 
3.37 eV. 

 
4. Conclusiones 
 

ZnO nanowires are grown on PET substrate by the 
hydrothermal method, using a rapid process of heating by 
microwave. In high power (700W) and varying the heating 
time of 5 to 35 min the growth of ZnO nanowires on PET 
is favored. A correlation between the heating time and the 
diameter of nanowires was observed. For larger heating 
time, smaller diameter is obtained in the nanowires. The 

value of the bandgap energy remains almost constant 
independently of the growth parameters. 
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